Moving foreground segmentation has been widely used for many infrared video applications. In this work, a metric is presented to evaluate the performance of infrared moving foreground segmentation without prior knowledge. Difference image is given by temporal difference and is quantized into two classes which can differentiate between changed pixel and fixed pixel. In the experiments, we find that, in the segmented image of infrared moving foreground, the difference between the spatial distributions of classes of segmented foreground and background can accurately reflect the difference between segmented foreground and background. So, we can claim if this difference is great, moving foreground segmentation is better. Experiments are performed on variety situation of moving foreground segmentation, showing that the proposed metric is effective.
Introduction
In last ten years, the uses of infrared cameras in the surveillance field are being researched in depth [ 1 ] . Moving foreground segmentation is an important and fundamental research topic for many infrared video applications and it plays an important part in infrared target recognition and infrared target tracking systems. Many algorithms have been proposed for foreground segmentation in infrared video surveillance applications [ 2 ] . They depend on different assumptions, such as thresholding [3] , edge detection [4] , statistical background models [5] and foreground modeling [6] . Meanwhile ， some metrics for performance evaluation of segmentation have been explored.
Precision and recall are the typical metrics used to measure the performance of object detection applications with prior knowledge [7] . Precision is the number of detected pixels belonging to object divided by the total number of pixels detected by method. Recall is the number of object pixels detected by method divided by the total number of pixels belonging to the ground truth. Precision indicates the ratio of correct object pixels to the detected pixels and recall measures the ratio of the detected object pixels to the actual object pixels. This two metrics segmented foreground with the ground truth in a way, ignoring region-level information [ 8 ] . And prior knowledge, the ground truth, is determined subjectively inconveniently. So the metric with prior knowledge is not robust and is unsuitable for performance evaluation of video segmentation.
We present a novel metric to evaluate the performance of infrared moving foreground segmentation without prior knowledge. The goal of infrared moving foreground segmentation is to separate the completed moving-object from background in infrared image. So the difference between segmented foreground and background can be used to measure the performance of moving foreground segmentation. In the experiments, we find that if the distribution of the changed pixels and the fixed pixels of the segmented foreground is less uniform with background, the segmented foreground is more similar to the actual region of the moving-object. The proposed metric is able to measure the difference in pitch between segmented foreground and background on the basis of the distributions of changed pixels and fixed pixels in the infrared image. Experiments show that the performance of the proposed metric is as good as Misclassification Error (ME) which needs prior knowledge. And this metric is adequate for varietal situation.
Difference Image Quantization
The purpose of quantization is to classify the pixels of difference image into changed pixel or fixed pixel. The frame k of infrared video is defined as k f , and the difference image k d of the frame k is defined as follow,
Difference image contains the changed pixels in the frame k and reflects the temporal information of frame k. We transform it to binary image by using Eq. (2). 
Where ( , ) xy indicates the coordinate of the pixel, T is a threshold of binarization which differentiates fixed-regions and moving-regions, 1 and 0 respectively denote changed pixel and fixed pixel. In this work, let
is the mean of gray-scale value of k f . This threshold was determined after an exhaustive set of tests.
The difference image is quantized into two representative classes that can differentiate changed pixels and fixed pixels in the infrared image. 1 and 0 in the binary difference image are the labels of classes. So we call the binary difference image as class-map.
Proposed Metric
In Ref. [ 9 ] , a criterion for "good" segmentation was proposed. And it comes from the Fisher's multiclass linear discriminant. This criterion defines J in order to measure the degree of dispersion between different classes in the class-map.
Let Z be the set of all N data points in a class-map. Let , xy z z Z
, and m is the mean vector of Z , 1 N zZ mz (4) We suppose that in the class-map, the number of the classes is 
Experimental Results
The proposed metric needs to be tested on various foreground segmentation results of some methods. Many algorithms have been proposed for foreground segmentation in infrared video surveillance applications. But they were not applied to our dataset for two reasons: (a) Since we do not have their codes, it is not possible to apply their methods to our datasets; (b) Because the appropriate parameters that the earlier researchers used are not known for us, we cannot implement these methods in the best way. In this work, we obtain the different foreground segmentation results by using region growing method [10] . The segmented foreground regions are grown from the seeds which are manually selected. For the same seeds, the growing threshold determines the segmented foreground regions. For the purpose of measuring the evaluation performance of the proposed metric, the evaluation results of it are compared with the results of (1-ME). And all data of the experiments has been normalized.
In the experiment, the metrics are tested on "single person" and "double persons" test sequences. The image sizes of two test sequences are respectively 400 ×512 and 240 × 320, and the latter comes from Ref. [ 11 ] . The moving foreground regions of two typical images are grown from the same seeds with the different growing thresholds, and the different segmentation results are shown in fig.1 and fig.3 . The details of moving foreground can be seen in the right side of some figures. Fig.2 and fig.4 respectively show the evaluation performance of two metrics. The results show that the proposed metric d J without prior knowledge corresponds well with the results of ME with prior knowledge. The standard deviations of the data of fig.2(a), fig.2(b), fig.4(a), fig.4 
Conclusion
The contribution of this short paper is to explore a novel metric to evaluate the performance of infrared moving foreground segmentation without prior knowledge. The proposed metric can reflect the difference between segmented moving foreground and background by using the motion information in infrared image. Experiments are performed on variety situation of moving foreground segmentation, showing that without prior knowledge, the proposed metric is effective and is as good as the traditional metric with prior knowledge. Our future work is to develop a new moving foreground segmentation method based on the proposed metric. (a) the results of the proposed metric (b) the results of (1-ME) Fig.2 The evaluation performance of two metrics. Fig.3 The segmentation results of frame 150 of "double persons" test sequence with the different growing thresholds.
(a) the results of the proposed metric (b) the results of (1-ME) Fig.4 The evaluation performance of two metrics.
